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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the effective 
dielectric constant of an insulating film between metal 
wirings and also to improve tight-contact between the metal 
wiring and organic insulating film. 

SOLUTION: After a metal wiring pattern 101 is formed on a 
semiconductor substrate 100, a first tight-contact layer 102 
of a siloxane-contained organic fluoride film is deposited 
over the entire surface of the semiconductor substrate 100 
by a plasma CVD method, which uses a first material gas 
comprising a mixed gas of C4F8/CH4/vinyl 
trimethoxysilane. Then, by a plasma CVD method which 
uses a second material gas comprising the mixed gas of 
C4F8/CH4, an organic insulating film 103 comprising an 
amorphous carbon fluoride film is deposited over the entire 
surface of the first tight-contact layer 102. Then, a second 
tight-contact layer 104 comprising a siloxane-contained 
organic fluoride film is deposited over the entire surface of 
the organic insulating film 103 by a plasma CVD method 
which uses a second material gas comprising the mixed gas 




of C4F8/CH4/vinyl trimethoxysilane. 
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<nWM:ff:^RXJ^mm^^y>'mmW-^^tsm 2 (omn:if:^ 
■?:tu^*ttro^A»^f5{S-S{ci^-^''cC^^b*AL/£ 
m\(OWM:»:^RXim2(DWM:»y^*^hfi:^-:fy 

^M/5^?>?ic-5mi«^«JiSrji5fig-r-5xmt. wm-m.p^ 

mx-r^-^. m2(DWM:ff:^<omP^irW±i^X. Hi 
H 2 <7)Igii4;if ^ 5:ff t;^^A bJLo^ 2 (Dm.n:tf:^(Dm.A 

wMit^t^h^i^-^y :^-^\zii^ . mmmm.mn±.Ki^ 

50 ^-rSXSt ^r^ix.TV^5„ 
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[0 0 3 7] m2<Dmmmmm<Dm^:fjmzx^t. m 

m2<DWM:^:^(DmXA^m^~'m\c^-h^j::i)^h. 

w>\<Dmmm. ^mmmm'SLxy^%2(D^mm^'^mm^ 

[0 0 3 8] 

com 1 (7)mjS®St;i>^5^^f2^Se^il/-?cr>^ag::^fetc 

OVNT. Ell (a) ~ (c) RXim2 (a) ~ (c) ^ 

[0 0 3 9] ^-f. mi (a) 

® 1 0 0(7)_ht;i, ^J;:tf^iS^^5 8 0 0 nm-Cia^>^^— 
;^;652 5 0 nm<O^Jlia^^-^>E7 — o 1 ^?F^^ L/d 

^..^asaa^^^-^- 1 0 1 o±^^tf^^^$s;Ki 0 

0(^±tC^ffif;iE:oT. 2 0 nmCOMiS^W-r-S 

^f^C4F8/CH4/b':=^yU h y ^ h:^v'C/^>' (vinyl 
trimethoxysi lane) (D^^i^:^ ^ffi V ^ ^ X-^^ C V D 

2 0 OW. y'ti'^:^f±:t}i^2 O OmmT o r r . 

[0 0 4 0] m^. mi (b) (c^-rj:5f-. I^kjo® 

1 0 2 OJttCl^ffitcaoT. mK.i^2 0 0 nmcom 

^^^j^i o 3^^jgga^/N"^->'i 0 i^±(DmcDy^ 
^m^^^^^-r^ ^m^t^m ^±mnt't^m2(D}^M 

^!l;^f^C4F8/CH4 <Dm:^:^y^^m\^^^y''7 X 

^-^y — 2 0 OW. :/n-fe;^JEE;^fi2 0 OmmT o r 

[0 0 4 1 ] mz.. mi ( c ) {^Tjk-rx 5 1-. mm^m 
mi 0 3(D±{z.±m\^M.-DX. mK.ii2 0 nm<Dmm^ 
v-D :3f-i^^^^:7 ^ymi\:^mm^-ht^:^m2 (Dm 
mmi 0 4i:mmi~^o iytier^y-^myymitmmm 
(Dmm:^mti.x}^. mKDmmmi 0 2(Dm^tm 



(S) 20 0 0- 58641 

14 

/CH4 X\f=^/\^h y ^ h^v'v'^>(7:)^g:^;^;^4rfflv^ 
^(SRF^^y — f^2 0 OW, >^nir;:^JBE;^*12 0 0mm 

To r r, mmm^v-^^fprnxh^o 

[0 0 4 2] m2 ( a ) tC^-r J: 5 Ig 2 (7)^^ 

1 0 4(D'±{Z.^m\^M.oXm^^'£5 0 nmcomm^ 

^-t^i^v^^ i^mitm^^ hf^^ mmmmm 1 0 5 ^mm 

10 ct »9¥±a{i:i-^o vy :n>'^{t:M<^5Jta*'i£^ bTHs 
i H4 ^N20 ^60^1^:^:^^fflv^5:/^X-=^c VDi£ 

[0 0 4 3] m2 ( b ) (c^-r <}: 5 1-. %i (om 
mmio2^ ^mmmm 103. ^2 (^^^^^s 1 0 4 ^ 
t/M^te^i^i 0 s\z.n\.xm^m^=^y^>'^^rxt^ 

or^^?Ll .0 6 ^JF^^U/cm. ^^ic?Ll 0 6 d-grilx. 
«^ > -5^ V:^)^ ^ ^JlM^Si»^i^/uT*^M 

1 0 i^mm.'T^o mmmumi t LT(7)vy 

^:ymtmi 0 5t^. ^^dFLi 0 6^ zr^^y^i^^ 

[0 0 4 4] mi(ommmm\^^^t. ^^u-^^i^^^ 
yymi\:.^m.mii^^fj:^miJBLXim2(Dmmm 102. 
1 0 A(o]:tmm.mt,^^m^^<x2. ^^Tx^^t^. 
[0 0 4 5] ^fc. '^ue^^i^^:^^ ymit^mmt^h 
tj:^miRxy^'m2(Dmmmi 0 2. 1 0 4 ty^mitr 
^/i^yT:^:^—:^^>m^^i^^^^mmmmjmi 0 3 t(Dm 

mm^mit^xmtix^^ . yym\\LT^j\^yry>^—^^ 
:yt^^f^^^mmi 0 3f^t>Jg|fm^f?tb/^;0^o;^Co 

[004 6] ^xr. m 1 (Dmmm 102. ^mmmm 1 
0 3Rum2(Dmmmi 0 4^mmm^mm^hm<Dm 

[0 04 7] |gl(7D>^air;:^v-— ^V-^t^, i^^^fl^^ 
^!l;t^^RFy^"^7— f^2 0 OW. Xcr-fe>^^jEE;^;fi 2 0 Om 
mTo r r fv:«:ofct^^T% :7 :y ^-^^^g-g^^^fT -5 

mmit^mRx^mm^^y ^mmi^^^wMt-r^m i <d 
mn:^y^(7:>mAm^-mci^otz^j[^mx\ y^ym-mm 

<DmA&^y</\-:^m^mt^^^^&xh^o 

[0 0 4 8] m 1 (7):7^air;??. v^— >^rV;^{COV^T. ms 
40 (a) ^#0S,b/^;65P,A^6^jt;itftP^-r5o X^X 
■vC VD^ll^{;iC4F8:^^. CH4 :^;^^T>^t^':=.>'u h 
y^ h:^v-V^>';^;^^^AL/cii:^(:i>^^X-e^^fl3 

(?:>iSil^Sm;^^Ri;[JDi-5^#fctc. C4F8;t^;^. CH4 

t;::bT4#r«1^A-r^c^(cj:t9. ^ 1 co^^g 1 0 2 

A^^ih-r^-^;^. C4F8;^>^S:t>XH4 ;^:^Sr#WA" 
a^-^t;iLT 6 o^F^I^A-r^^irfcj: 19. ^«f6^ 
18^1 0 3 Sriia-r^o C4F8;^^^>^U*CH4 :k 

50 cD#^Aft^— ^{ctSrofc^^. tf'^/u F y ^ F^^v^v- 
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::^CDmu1f^tl.Xl'X. ms (a) ^C:^oV^TNo. IT* 

«SicUT:Jt5#. C4F8;^-^. CH4 :^:^RXf\i^^^i-h]) 
[0 0 4 91 mi(D-:/u't:^iy--^i^:A\cX^ t\ 

(Dmmm 102 Ru^m 2 1 0 4 (^^Jtaxgci 

v^Tf^. t"::^/!- h y ;^ h^^v-v-^ ^ft-5o^ 
A-r^fci^. ^Ijarj^|g2(7)^*ii 1 0 2. 104{C;Jo 

[0 0 5 0] ^fc. ^ 1 (^5>^air^iy— cfc-S 
C4F8:^^. CH4 ::^/^J5.0^t'-/i- h y ^ b^^v^i/ 

;y^^c^^A-S:0^^il:^tT?:ep r miR 

x^m2(Dmmmi 0 2. 1 0 4<Dmm^n<'t^:itt*^ 
^Mxh^o ^tofcje). ^jRia^^^^— > 1 0 1 

[0 0 5 1 ] i^^th. H 1 (^:/Di?^v^— ^>^fi. 

miXfim2c7)^^S 1 0 2. 104^^^^^]^10 
[0 0 5 2] m 1 (^Sr^ii 102. ^^^^J^ 1 

0 3 Rum 2 (Dmmm i o 4 ^mmmcmm'r^m<Dm 

2 :/ n ir ;^ v- — >- { c o V ^ T IJ^ -r ^ o 
[0 0 5 3] ^2cD:rn-ir^>^-^>-;^(i, ig^^f^:^ 
^fJx.f^RF/^°l7 — f^2 0 OW, ynir>?,JfE;^ifi2 0 Om 

mTo r r {ci^^fc'i^mx\ y ym-mm'^^^m-r^ 
^^^^^m\\L^m^^wM}i'r^%2(DmMis:^(Dm^ 

[0 0 5 4] ||2C0y^air^v— <^>^^tc:oV^T. lEl 3 

(b) ^^mx^fiit^^^^m-cmm-t^o ^-f. 

4 :^;^(7)^A4^— t'r^/w f y y h 
v-^ ;=?.(7)^A4^ii^6^E;:®/>$-^TV^t. t^^^'i^ 
hy^ h=^v/v'^>';^;^(7)^A^^ArJ^&/ii^^4#mtc 
^?ih-r^::i<!rt-j:t9^ mi<7:)«j«Si 0 2^mm'r^o 

^S. C4F8;^?'^S:I/CH4 ;^f;^^#^A4^-#:i::b 
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x6 0fmmA-r^^t\^x^. mmmmmi o s^m 
m-r^o c4F8;*^:^st;^cH4 :^y^(D^mAm^ 

i>*^ A-r 5i:*(c^(^^Ai^ {^imm^-^^'^m 
^4fmmm'r^:it\:ix^. m2(Dmmmi 0 4^^ 
ar^o y'y:^*-^m±m(Dmm^m.t)(Dmu:^mtL.x 

IE!3 (b) tc^-f-J: 9 (;::, C4F8:^:^. CH4 >5/^ 

^u;if:=:/^hy y h:3rv'v'^>';^f;^(D^Aii:^tc§i$^t- 

^t^{c, C^^s:^^. CH4 ;^f;^S.i;^tf^>'i^h y h 

[0 0 5 5] ^2c07?'nir>?.iy— >^>'>?.t^J:^^, 
/t-hy^ h^^ev^V^ V:;if;^cO2gA4^S0#6^t:i^it:$-^ 
^i^^^25Sfe^fca6. ||l^t/^2C0^^g 1 0 2. 10 

4£oitffl^r«ic7)^^;^is^^aiffitc;i5o ^(ofci^. mi 

1 0 2. 1 0 4(Dmm:^^m<ti:^(DX\ ^mMlm^<^ — 
|giRt/||20^«Si 0 2. I0 4^;t^^^j^ 

1 0 3 tmmmit^^mm^xh^fcit^. 

[0 0 5 6] f^. ^1 £o^^£ff$^^c:^Bv^T^^. m.i(o^^ 
mm 10 2^m^'t^i^u:^'^^^^:^yym^tmmm(o 

C4F8^^V^fc;6^ r;fxt-f^;tr. CioFi8^0J:5 
t-. — /i^^ : CxFy (xfil — l 50S^. yfi4 — 3 

2<Dmm xmf^^f\.^y vm-mmm^^^^^^m 

[0 0 5 7] ^fc. ^1 ^^^^fe?F^^^C^oV^Tfl. 

^j^i 0 3 -^m^-r^y ymwirr ^)\^y T y^ti—i^^:ym 
(o-^m:¥^hfi.^^m'^y^^mm^^h\^x\x^ e-^^u-hy 

(OR^) 4-n (mU^ ntil~3(OS^T'fc«9. R^ 

ryi^^/v^xf^r y— /i-ST*fo«9. r^ f^r/i^^^yi^^x 

[0 0 5 8] (^2 (^^JS?f^ffi) i^T. 2 O 

4 (a). (b).Ig]5(a). (b) RXim^ 
(a) . (b) ^#figU/c?;6S^|^igt-5o 
[0 0 5 9] ^-r. 114 (a) {c^-rj:5tc:, 

tg2 0 0c7:)±t:i?f^j5ic^n/c>^5/^>ft:r^yi-:7:r^>&— /K 

>^iK/ii-^/<e>9. sa^f#2o 1 a^^r^mico^^ite^ 

JK2 0 1 (D }L\Z.^^\C^^xm^\i2 Q nxa(DmWk-^ 

@ 2 0 2 ^±ta L/c^. 2 0 1a OP^a5t;i^MJK 

^S&!>iZiA.T^Jliai^2 0 S^JI^^L. -i^fTDm. ^St- 
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[0 0 6 0] 12 4 (b) {^^-tx^i^. 

0 5. ^!|;iJ^8 0 0 nm(7)|^iP^^-r^:7-/^>f[:r^yU 

J? ^ y ^ >^^{t:j^;?)- ^ ?i ^ H 2 2 

0 8. ^■I;ifi 2 0 nm(7)J^J^^^-r^i/n:3E^if >-g-;^:7 
;0^^7i5^3fD*^^^J^2 1 0. ^!lx.tf 2 0 nmOM 

y ^ ^mitm^ ^ /.^ ^ ^ 3 o^^^^^ 212 ^mikm 

[0 0 6 1 ] m^. m5 ( a ) tc^-r ct 5> t;:. ^1 (dm 
mmmm2 0 4. ^20^*^205. m2<Dmmmm 

M2 0 6. m3^7)^^il2 0 7:S:t/^2C0Mm^^M2 

0 8tc:^^?L2 1 3^?F^^-r6i^t;i. m4(Dmmm2 

0 9. ||3<D^^te^JK2 1 0. ^5 0«^«J12 1 1^ 

xfm 3 t^^a^si^m 212 t^iia^^ 2 1 4 ^?F^^ b/c 
s^?L2 1 3^i/ia^m2 1 4<Dp^^^-^t^±m\c 

>^^/^{l::^ajg;5-^/^^M6<o^«S2 1 5^n:^m:i 

[0 0 6 2] ^f^. ^5 ( b ) tc^-r J: 9 tc. me (Dm 

mm 2 1 5\c:$sn^mmii2 1 3Rxfmmm2 i 4<oj[s 
m^um-t^^^irm^'r^t^ic^ m2Rx^m3<Dm 
mmmm2 o 2 1 o{cioti-5^^?L2 1 sRx^Mm 
m2 1 4tcEmbTv^5##jffi (^mL2 1 sRx/Mm 
m2 1 4(7)#{iijii) {cme(Dmmm2 1 5 7:i^^/^^i^^ 

K^;^— y^2 1 e^M^-t^o 

[0 0 6 3] ^fC. 12 6 (a) {^.Tj^-tX mmil2 

1 3^u?ia^?t2 1 4 (D\^u^^t^m 3 (Dmmmmm2 
1 2(D±{z±m\cK-^x^ mz-^-^s nmcDjmm^^'r^ 
mi\::^^>'m^^^^^^y<VTm2 1 v^mm-r^o 
[0 0 6 4] me (b) \z^'rx^\c^ mmii2 

1 3St/ia^?t2 1 4(D\H^^'^tJ^y<VTm2 I 7<D± 

{^±mcKoxmK.i-^m^^^^j:^^mm2 1 8 ^mmi^ 
tern. ^mm2 1 8K^n^m3<Dmmmmm2 1 2<d 
±{cmm\^x\^-^:6^^^mK.acMpm\^^ ^m^i^ 

[0065] ^1.^2.^3. ^4. m5RXJ^me(D 
202, 205. 207. 209. 211. 21 
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(OWMIS ^ ^!Jx.fiC4F8/CH4/t:^:=^/U' h y 

tt. itS^{4=i: UTfi. -FlIxt^R F^^"y — ti2 0 OW. 
Zfu±:;^}±jjlt.2 0 OmmT o r r . m^^Wt.4&X 

[0 0 6 6] mi. |g2St>-m3(O^^^^J^2 0 1. 

2 0 6. 2 1 0 s/^^bT-^.'u:7r 

JO '^m^±w.nt'r^m2(owM:^:^. F!ix.f^c4F8/c 

±i«^{^^brfi. M;t«RF^-^!7-ti2 0 OW. TT^a 
•^:^l±tiit.2 0 OmmT o r rXh^o 

[0 0 6 7] m2(Dmmmm\cx^t\ m2(D^mm^ 

m2 0 6RX^m3(D:^m^mm2 l 0tC*3tt5^^?L2 

1 3RUMmm2 1 4{z.mmi^xv^hm\m\^m6<Dmm 

m2 1 5f)^ibti:^^^ Y^ir—)\^2 1 6^®^b/cm. 

^'ft;^i?^^JK/if^^7:e^^^y 2 i 7^^aL/c(DT% 

m2SU^||3c?^#^te^j^2 0 6. 2 1 0 t^^yrJl2 
20 1 7 i 0^^tt;6Sr^±-r 5o 
[0 0 6 8] 

m-mM^^^^^-^^mmwL-^mRn^m'^^ v-^^ 

30 mm^. Rxy^mmmtmmmmmt(Dmmm't\^^'rt^'h 
[0 0 7 0] e^oT. mx-m4<D^m^mm^^^ 

[0 0 7 1 ] m 1 Rijm 2 (D^mwmm(Dwm:)^mz. ^ 

40 tT>\^c.m}i<ommm\c)AL-^Xfh^<x^^h^\^^ ^ 
mEm^<i^—> {jL\^^i^^^ hxfi^jsiB^) . mm 
mmmR'(i^mmmm(Dmmi\<Dmm^o:>\^Ai^wmx 

[0 0 7 2] 4fc. ^mmmm(DnmT.mt^<Dnfrik(o 
mmm<Dm&iLmt ^mm^}^rf^j: o:it ^^-c^ 

RJt^^(0':fu±:^(Dm'^:^^^MXh^±\c^ 

[0 0 7 3] eeoT. miRxj^m2<D^mi^mm<omm: 
so mm.m(Dis^wiRx^^m^mtmmmmmt<Dm(Dmmi± 
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< ja o ^ CI -ir ;^ coftiJt^tt t;i Hm-r 6 ^ ^ # 

-So 

[0 0 7 4] mi(o^mi^mm<7:^mm^mc^^'^x. m 

i<DmmmRxj^m2(Dmmm(Dj^.mK R^nS i (or 

x^^t. mmm(Ditmmm^mmif^4^^ <x^ ^ 
{^mm^^mm^^\^±~r^^tif}^x^^^ 
[0 0 7 6] mi(omm^mm(Dmf^:^m{zx^t. m 
i(Dmn:^^(DmAm^m^-^{z{^-:^r:i'ikmx. m2 

mi(Dmmm. mmmmmRxj^m2<Dmmm^mm 
^{cm^xt^fci^. rnKD^mm. mmmmmRu^m 
2<Dmmm(omm:^mm^{^mt^^<ox\ mmmm 

[0 0 7 7] m2 (Dmmmmm(Dmm^mc x^t. m 
i<Dmn:^^<DmAm^m^-m^i^ofc^mx\ %2 

m 1 (D^mm. mmmmmRxfm 2 (o^mm ^mmm^ 
m^x^^fci^^ miR'o^m2<Dmmm<Dmm^n<x 
t^<Dx\ mmmmm(Dm^^^^itmmm^misbxyb^ 
<'r^^tr^xt^o 

imi] (a) ~ (c) u^^mcomKommmmic^^ 
nm^^-rwrmmx^^, 

m2] (a) ~ (c) \^^mm(Dmi(Dmmwm\cm 
nm^yj^-rmmmxh^o 

ms] (a) . (b) {^^mmcDmi(Dmmmm{cm 
n^mn:^:^<DmAJjm<Di^-^>::^^7j^-rmx^^o 
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[1114] (a) ., (b) n:^mm(Dm2<Dmmmm^^m 

. [115]' (a) . (b) {^:$:mm(Dm2(Dmmmm\^m 
nm^^-rmmmx^^, 

[me] (a) . (b) n^mm(Dm2(Dmmmm\^m 

nu^^-tmmmx^^^ 
JO [0 7] '^^(D^^mi^mm<Dmmmxh^o 

1 0 0 ^mi^mm 

101 ^mMB^-^i^—^- 

102 ig 1 (D^^mM 
1 0 3 mmmmm 
104 m2<D^mm 

10 5 
10 6 
10 7 
20 2 0 0 

2 0 1 

2 0 1a mmm 
2 0 2 mi (o^^mm 

2 0 3 ^JS@E» 

2 0 4 mi<ommmmm 

2 0 5 m2<DmmM 
2 0 6 m2<7)W^»^M 

2 0 7 ms<Dmmm 

2 0 8 H 2 COftl^^^J^ 

j^? 2 0 9 m^(ommm 

210 ^3C7):t^^^J|g 
2 11 ^5 cO^^^g 

2 12 ii3<o«^^a^ 
2 13 mm'^i 

2 14 iEMft 

2 15 116 cD^^g 

2 16 K!^7;^-— /I. 

2 17 ^"^y Tg 

2 18 ^JIM 
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